Central hypoventilation syndrome is a rare and fatal condition resulting from various central nervous system disorders that is characterized by a failure of automatic breathing. We report a case of central hypoventilation syndrome following posterior circulation stroke whose pulmonary function was improved by respiratory rehabilitation. A 59-year-old woman with a history of hemorrhagic stroke of the bilateral cerebellum was hospitalized due to pneumonia. A portable ventilator was applied via tracheostomy, recurrent episodes of apnea and hypercapnia impeded weaning. A respiratory rehabilitation program including chest wall range of motion exercise, air stacking exercise, neuromuscular electrical stimulation (NMES) on abdominal muscles, upper extremity ergometer, locomotor training, high-frequency chest wall oscillator, mechanical insufflation, and exsufflation was employed, as spirometry showed a severe restrictive pattern. A spontaneous breathing trial was started, and a portable ventilator was applied for 8 hours, only during nighttime, to prevent sudden apneic event. After 4 weeks of treatment, follow-up spirometry showed much improved respiratory parameters. This case suggests that respiratory rehabilitation can improve pulmonary function parameters and quality of life in central hypoventilation syndrome.
INTRODUCTION
Central hypoventilation syndrome is a rare condition resulting from various central nervous system disorders that is characterized by failure of automatic breathing during sleeping. Acquired central hypoventilation syndrome may develop as a result of stroke, tumor, demyelinating disease, or neurosurgical complications [1] . Central hypoventilation with brainstem stroke has been rarely reported since 1962 [2] . There is no definite consensus regarding diagnosis or treatment options, and the prognosis is usually unpredictable, although the condition is often fatal [3] [4] [5] . Also, there has been no report of respiratory rehabilitation and ventilator weaning process for central hypoventilation so far. Here, we report the case of a patient with recurrent hypoventilation after posterior circulation stroke that was improved by comprehensive respiratory rehabilitation.
CASE REPORT
A 59-year-old woman visited the emergency department for dyspnea, hypoxia, and fever. The patient had a history of bilateral cerebellar hemorrhage 5 months previously, and underwent a craniotomy and a tracheostomy. She had been hospitalized for stroke and recurrent pneumonia at another hospital. The patient had been recommended to use portable ventilator, but has not been using it for more than 3 months. She was diagnosed with aspiration pneumonia and treated in the intensive care unit with mechanical ventilation. On the 11th day of hospitalization, ventilator weaning was attempted. The patient had maintained tolerable state on oxygen (O 2 ) support of 2 L/min for 2 days, but on the 3rd day of weaning the blood gas study revealed mild respiratory acidosis and carbon dioxide (CO 2 ) retention as a pH of 7.34, pCO 2 of 85.2 mmHg and pO 2 of 101.6 mmHg. The phenomenon was thought to be oxygen-induced hypercapnia and O 2 was tapered to 0.5 L/min. On the 5th day of weaning, the patient was found apneic and in stupor. The blood gas study showed respiratory acidosis and severe hypercapnia, a pH of 7.33, and pCO 2 of 97.8 mmHg. The mechanical ventilator was applied again, and spontaneous breathing was not detected by the ventilator for a day.
A week later, the patient was transferred to the department of rehabilitation medicine for respiratory rehabilitation. On neurologic examination, there was a mild ocular skew deviation without specific oculomotor palsies. There was moderate ataxia of the trunk and both extremities. Motor examination revealed Medical Research Council (MRC) grade 3 weakness of the left upper extremity and MRC grade 2 weakness of the right lower extremity. Deep tendon reflexes were increased at the right extremity, and Hoffman's sign was present in the right hand. The patient could maintain static sitting position, but standing was unable due to trunk ataxia and weakness of the right lower extremity. The patient's initial Glasgow Coma Scale (GCS) score was 14 (eye response 4, verbal response 4, motor response 6). The National Institutes of Health Stroke Scale (NIHSS) score was 12. The Korean Mini-Mental Status Examination (K-MMSE) score of the patient was 20, with impairments in orientation, attention, language, and visuospatial domains. Voice and speech could not be evaluated because of the tracheostomy, but the patient could make a simple conversation by body language and follow 3-step commands. On speech-language evaluation, the oral motor function task showed generally poor movement, and severely impaired speech intelligibility and dysphonia. The patient's Aphasia Quotient assessed by the Korean version Western Aphasia Battery was 84.6 and there was no definite difficulty with daily conversation. All nutrition was supplied through the nasogastric tube, as the Videofluoroscopic Swallowing Studies showed a massive amount of silent aspiration without opening of upper esophageal sphincter or laryngeal elevation (Videofluoroscopic Dysphagia Scale [VDS] score 87, Penetration-aspiration Scale score 8, Dysphagia Outcome and Severity Scale 1). The modified Barthel index of the patient was scored 7, as she was totally dependent in all activities of daily living, except for dressing and bowel control. Portable ventilator support was applied via the tracheostomy tube and kept for 24 hours.
The initial computed tomography (CT) scan of the brain which was taken 5 months ago showed about 18.7 mL of hematoma, in the left cerebellar hemisphere. The neurologic examination of the patients highly suggested the brainstem lesion but there were no obvious brainstem lesions on follow-up CT scans of the brain, which were last taken 2 months ago. Thus, we did the brain magnetic resonance imaging (MRI) to identify the unknown lesions. The T2-weighted brain MRI showed encephalomalacic changes in both cerebellar hemispheres, the left middle cerebellar peduncle, left pons, and the left anterior and right lateral medulla (Fig. 1) . As there were no acute lesions shown in diffusion-weighted imaging and apparent diffusion coefficient map of the brain MRI, these brainstem lesions were thought to be degenerations following cerebellar hemorrhage. The initial spirometry was done through the tracheostomy tube in 90-degree sitting position in wheelchair, and the connection site between the tube and the spirometry was carefully sealed by gauze and sealing tape and the examiner's hands to prevent air leakage (Vmax 22; CareFusion, San Diego, CA, USA). The spirometry demonstrated forced vital capacity (FVC) of 950 mL (35% of the reference), forced expiratory volume in 1 second (FEV 1 ) of 920 mL (46% of the reference), and FEV 1 /FVC of 97%. An electrodiagnostic study was done to rule out any possibilities of other neuromuscular diseases such as myopathy or motor neuron disease. There were no clear evidences of such diseases, except for bilateral median entrapment neuropathies around the wrist. Hematologic and coagulation profile, electrolytes, renal functions, liver functions, and thyroid functions were unremarkable. The CT scan of lung and mediastinum showed no evidence of structural abnormalities of lung and heart. The echocardiogram and 24-hour Holter monitoring revealed no significant abnormalities. Based on the clinical manifestation (recurrent apnea during sleeping) and brain imaging, we considered the patient has the central hypoventilation due to brainstem lesion.
As there is no standardized protocol for respiratory rehabilitation of specific brain lesion, we applied strategies for active respiratory rehabilitation programs that have been used and proven effective in patients with chronic obstructive pulmonary disease or neuromuscular diseases including cervical spinal cord injury. A daily respiratory rehabilitation program including neuromuscular electrical stimulation (NMES) of the abdominal muscles, airstacking exercise via tracheostomy tube, mechanical insufflation-exsufflation (MIE), chest wall range of motion (ROM) exercise, upper extremity ergometer, locomotor training such as wheelchair propulsion, and high-frequency chest wall oscillator was applied (Table 1) , and changed to oronasal mask after the removal of the tracheostomy. Five positive-to-negative pressure cycles per session, followed by 20 seconds of normal breathing. Total 5 session per day, 5 days a week, in a sitting position [15] .
After 4 weeks of rehabilitation, follow-up spirometry showed improved respiratory parameters (Fig. 2) ; FVC increased to 1,990 mL (73% of reference), FEV 1 increased to 1,650 mL (82% of reference), and FEV 1 /FVC was 83% (Table 2 ). Ventilator weaning with spontaneous breathing trial was attempted. Ventilator-free time was gradually prolonged as blood gas analysis showed no hypercapnia; pCO 2 was maintained from 32 to 39 mmHg. The patient could sustain tolerable breathing, but after 60 hours of ventilator cessation, she experienced sudden dyspnea and drowsiness. Consequently, ventilation support was continued for 8 hours only during sleeping to prevent a sudden apneic event. The nonfenestrated cuffed tracheostomy tube was changed to a fenestrated cuffed tube, which was kept plugged during daytime so that the patient could speak. Air stacking exercise and MIE was applied via oronasal mask with tracheostomy kept plugged. After 4 weeks of rehabilitation, motor power improved from MRC grade 3 to 4 in the left upper extremity and from MRC grade 2 to 3 in the right lower extremity. Static standing balance was improved to fair grade, and the patient could walk short distance with maximal assist. Follow-up GCS score was 15, NIHSS score was 7. The K-MMSE score and the VDS score have not been changed. The modified Barthel Index score was improved from 7 to 25. On the 55th hospital day, she was transferred to a rehabilitation hospital. 1 , forced expiratory volume in 1 second; PEF, peak expiratory flow; Pre, before using bronchodilator; %Ref, percentage of the reference value.
not been described in previous case reports [5, 16] . Moreover, we provided herein a detailed description of respiratory rehabilitation for future public use.
Central hypoventilation syndrome can be caused by posterior circulation stroke, and consensus on the diagnostic criteria and therapeutic options is lacking. The pathophysiology is thought to be loss of automatic and/or voluntary breathing by selective lesions involving interconnected respiratory groups in the brainstem; the pontine respiratory group, the dorsal respiratory group, and the ventral respiratory group [5, 17] . The abnormal periodic breathing with apnea is regarded as sequelae of extensive cerebrovascular accidents and regularly found immediately after stroke, then markedly declines 3 and 6 months into recovery [3, 17] . The prevalence of automatic breathing failure after stroke has not been estimated so far, although some cases in medullary lesions have been reported [2, 4, 5, 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] . The prognosis was usually poor with recurrent apneic event followed by re-intubation, and ended with death because of respiratory arrest, pneumonia, and sepsis [19, 20, 23, 24, 26] . Some authors have suggested that polysomnography, overnight oximetry monitoring, or end tidal CO 2 monitoring would help in detecting the events of central sleep apnea [5, 16] . In 2012, the American Academy of Sleep Medicine (AASM) Sleep Apnea Definitions Task Force reviewed rules for scoring respiratory events [27] . The task force made recommendations concerning recommended and alternative sensors for the detection of apnea and hyponea during polysomnography. The major limitation of this report is that the polysomnography or overnight end-tidal pCO 2 monitoring were not evaluated. However, the clinical manifestation showed recurrent apneic events during the late phase of sleep, which were detected by ventilator alarm (which is recommended sensors for apnea by AASM manual). Previous case reports of central hypoventilation syndrome have not done the polysomnography and the diagnosis was based on the clinical manifestation. Although it is currently not covered by national insurance service, we suggest the polysomnography to prove and precisely diagnose sleep disordered breathing, if possible.
Respiratory rehabilitation is a comprehensive intervention based on thorough patient assessment, followed by patient-tailored exercise training, education, and behavior change [17] . One strategy with demonstrated therapeutic potential is the use of treatments that increase neural and muscular activity which may contribute to direct stimulation of respiratory circuitry and promote plasticity [12, 18] . There has been no structured protocol for respiratory rehabilitation in hypoventilation caused by brainstem stroke. In this case report, we constituted respiratory rehabilitation program with widely used strategies for chronic pulmonary diseases and other neuromuscular diseases. We designed the protocol to increase chest wall mobility (chest wall ROM exercise [6] , air stacking exercise [7] ), improve vital capacity (air stacking exercise [7] , upper extremity ergometer [10] , locomotor training [12] ), strengthen expiratory muscles (NMES on abdominal muscle [7] [8] [9] , upper extremity ergometer [10, 11] ), and eliminate airway secretion (MIE [15] , high-flow chest wall oscillator [13, 14] ). The effectiveness of individual strategies of respiratory rehabilitation in central hypoventilation syndrome may be difficult to prove by clinical trials due to its rarity. Nevertheless, we suggest that strategies to enhance neuroplasticity in cervical spinal cord injuries may also be beneficial in central hypoventilation caused by brainstem lesions, as both diseases can compromise the projections of respiratory circuits arising from the brainstem.
In conclusion, patients with posterior circulation stroke can present automatic breathing failure and should be carefully monitored for sudden apnea, especially during sleep. Respiratory rehabilitation and ventilator support regarding the individual's specific
